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. Schools of Medicine and Dentistry " vf '"'/C ' '-•"' ’ ’.. 7 - ; "'. -• :- 7 ;■■ 

V;; 4 ;; Georgetown University .'??■!&/?'■■ '': J„ 'V '. -' J • ; ' 
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3. Department(s) where research will be done or collaboration provided: .\’f.. : y .,• '• ..,: .. i." ' . 

’t^Department of Microbiology ’■ * •* ''*■ '-■ / .:. ■ '/.y'h. 

.; ■ ^Department of Pathology ' ■ ' 7 ':”’^" "■ ••■ i' :V-7.' I'-'v; 

4; Short title of Study: '‘Vi;. 7 ,''v;;^i. 7 ',V 7 'b i ’ ; 7 1 ' :L- : : . '. .. '; ..:• ■ ’ i- ■' ;'• • 

7 "Effect of. cigarette smoke exposure on developmental, cellular and molecular v '^^l 
aspects of the immune response." . 'J'KKv' "...-'•' • : 












5 . Proposed Storting date: ;. • January 1 , 1976 ' ; :/. v :' ; ' . •. v; ' 

6 . Estimated time to complete: . Three years U.•* 1. * Z^44^:r\^h4J- : :^ r**V-; ' ^ 

7. Brief description of specific research aims: ’.'' IV'V >•'> . V' f _; -V-.V. V^VV-yiVv^, V V’.V .‘^'•V - 

/ i: •.X-^The adaptive immune response has evolved to an extremely refined state in> 
the mammal where it serves a protective function against invasion by potentially 
pathogenic microorganisms and possibly even more important, to perform a sur- 
veillance function by keeping continuously arising malignant cell clones under 
control. ’Vlmmunological defects, whether congenital or acquired, result in a 
susceptible host. The lung of the healthy individual is constantly being ex- 
posed to potential insult, which is handled successfully. One such environmental 
insult on the lung is cigarette smoke. Chronic exposure to cigarette smoke or 
its components may result in an altered immune response which will ultimately .;• 
affect the host's health. ... '... 


its components may result in an altered immune response which will ultimately .;• 
affect the host's health. , ’... •' 

The major objective of this research proposal is to further our under- 
standing of the effects of cigarette smoke on the immune response. We will 
determine the effects of acute and chronic smoke exposure on the functional 
capabilities of the three principal cell types involved in the immune response; 
B-cells, T-cells and macrophages. It is becoming increasingly apparent that 
adult disease is the culmination of a lifetime of insult. In this regard we will |7^|- 
study the effects of cigarette smoke on maturational aspects of the immune re¬ 
sponse in an attempt to define factors which may identify a population' at risk 
to increased frequency of infection or malignancy. , 
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, it is postulated that the immune system serves a surveillance function for control 
“of proliferation of malignant cell clones. Previous studies have shown that patients"..^ 

• displaying an altered immune response^ either congenital or acquired, are subjectto 
the development of frequent infections and to various forms of malignancy. The •’ “ 

; alveolar macrophage plays a very significant role in host defense against foreign 
• ii materials. Macrophages appear to be involved in both the efferent and afferent arms^ 
V .of the immune response to certain antigens, those complex materials which also re- ^ 
i.V quire T-cell cooperation. It has been demonstrated that interference with macrophage 
function results in suppression of immune responsiveness.’^ Our previous studies ‘ 

*..: (see Progress Report #3) have shown that cigarette smoke inhibits humoral immune 

responses.'"-The present studies will delineate the cellular and molecular mechanisms Jjj 
. of the effects of cigarette smoke on the immune response. ; ; ... .-' v 


of the effects of cigarette smoke on the immune response. *'■. 
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•;4 -;9. Details of experimental design and procedures (append extra pages as necessary) r .. .. 
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See attached Research Plan. ' ;■ ; •• 
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Space and lociiities available (when etsewhere than item 2 indicoles, state^locotionjs^^V,;^^^ '} .;'*.>\zy V X ■[': 

^3 P^^^^^o^JSSe n tly^ilabl e ti Principal Investigator consists c* 
one'laboratory of approximately 750 sq. ft., including an office, a post-doctoral 
1;.;,;^ *-V v ^, laboratory of approximately 300 sq. ft., a small animal room of 200 sq. ft. and 

: *^£**y temporary space in a presently unused laboratory for operation of the Walton Mark II 
juSM Smoke Machine.'^My laboratory* is equipped with refrigerated centrifuges, automatic 

>GCV-:* gaimna spectrometer, fraction collectors, pH meter, spectrophotometer, CO 2 incubator, 
^ ^v^phase contrast and fluorescence microscopes, electrophoresis equipment, columns for 
Chromatography, facilities for handling of radioisotopes, glassware and reagents, 
ithin the Department of Microbiology are a photographic darkroom, cold and warm 
grooms, media preparation and dishwashing facilities, amino acid analyzer, recording 
^gg^spectropho tome ter, ultracentrifuges, electron microscope. Also available to me 

through participation in the Pulmonary Program Project is a scanning electron micro- 
^ipl^scope. i;The Department of Pathology is well-equipped to carry out the processing 
"‘■‘si* of tissue specimens for microscopic examination. '* . " 

tT > VkJ*'. JTe* .£* • L-. .JP1.V -• .. X «•>**. r--* • . 

S*sr 



■ 

■ 






m 


. V-r?'■*"' r 

" «« ' t jj.v__ - _j • . \ -V *. * 


11. Additional facilities required. 
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12. Biographical sketches of investiaator(s) and other professional personnel (append): 

-See attached. 

13. Publications: (five most recent and pertinent of investigator^); append list, and provide reprints if available). 
. ,y :; See attached. 
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y’ Budget Justification ’ ./7 vTB'r-'.iB . * 7.B7B;-:7B'iV’,;--•,;".•••’■ B'V-. / •... 

-. -v • * ■'. ■■ ■■■ . .. ■ ... . ->•• ' ■ 

B-B.71. ".Duration, Reason for Proposed Period of Support ■ ; ..: ; :••.. '\ 

■"?■ ;,,-7; .’.- ;••. . .; f ;V. Bf : -7 ■• ' !'' ' r: 

^By\p:y^^|gSupport*ls|‘ ; requested for a three year study. The first year will be "■ 
'^^^^yv^wotcd^to^aycontinuatiGn of the studies of the effect of chronic smoke ex- y^ ^q k 0^ 
Sposure on‘immune function. H The second and third years will study the cellular ':.t$a3^K 
i T-' 7 ; - and molecular mechanisms along with developmental aspects of immune response. 

-7-g>rf! v ’. ■■■■^■rr.--- ^:-.-: . ■ ■ - - ' •' 

ii'v 2., First Year Budget ' ' ...- ........ ... 

y :/. ■•v-r-V. •. . •■" ' ••• ,h -B 

•.... > ,'.':7 : ‘7.;’; a* Salaries . In accordance with the policy of Georgetown University, ( 

*ix.•{<' :' *...'" ^ am requesting that 20% of my salary be paid from this grant. A full-time 
_ laboratory technician will be required to participate in this program. I am 
By; •. -,. requesting funds for a 1/2 time laboratory aide to help in the preparation •; : '^; u 

r t - B’ of glassware,'^sterilization and _care of mice used in these studies. There 

:^ia presently such a person working in my laboratory and being paid from other 
B ". T ''1 f un ds. ‘ However, due to expanded effort, the work is too much for only 1/2 ; 

' ; time employment.’ Therefore, contributions from both grants will enable us 

’v.". ; '‘'.to have full-time assistance. Also Included in these figures are fringe ••.'v'B: 

'J. benefits set by the University at 16.7% and 20.0% for 1974-1975 and 1975- 

' 1976, respectively. ^' ;■.■'-r-;■ •• V'-yv" 

•? • ;. : "■••B'., . ;,V- . ..7^1^ 

f Tb. - Supplies . These amounts are self-explanatory. ; : ; vvBy 

- y'. r-" ' y ~. •: ^-vv 14 '- •' ' ^ 

?Animals . The quality of experimental animals determines the high - *= : B-..v<i 4 

- ; budget request. In addition, animal costs have been routinely increased, • • B 

* r/ . V- 'with 10% service charges added on by the Vivarium. h - ».■■•:• •' 

'r: - ■ . ; H: •:B' ;:• •- '■ 

" Animal Care . The University Animal Care Facility provides us with 
‘ Bquarters and care by trained personnel. The costs of these services has ,; B 

VB^^frisen tremendously over the past years and are scheduled to be increased as ' 
Juiy'.l,;.;l?75 again. 7: -v 

'•- Travel , Funds are requested for the Principal Investigator to attend . .1 ^ 

• .^ :A>' : v:.^.one meeting each year which will have relevance to the proposed research. * 

■, T^is meeting is usually the FASEB meeting of the American Association of 
' Immunologists which will be held in California next year. ‘ ' ; 

vV : -.'"v.;;;/‘ Pathology Service . Funds in the amount of $1,000 are requested to 

cover expenses of Dr. Robinowitz for the pathological examination of the lung . 

material. This amount includes the cost of chemicals, reagents, stains, 
slides and preparation. 


3. Budget for Future Years 
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a. Salaries . We are planning to retain the same personnel with an anti¬ 
cipated 10% increase in salary which was proposed by University regulations. 

b. Other Items . There should be no changes in these amounts which are M - i 

necessary to meet the inflationary rise of scientific supplies. 
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Research Plan 
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f i A. . Background : 

Is,the mammalian lung that effects the transfer of oxygen by^1^1 
i ;£&•^exposin g almos t the entire volume of circulating blood to the environment. "^ 
.EJ£aII"Z £‘.Whereas the relationship between internal and external environments" supplies'* 

• t “ e oxygen necessary for, an aerobic existence, it also renders the lung 
vulnerable to insult by materials carried in ambient air. There is an 
^pr^^gicreasingly expanding body.of convincing scientific evidence which suggests 

that most, not ..all pulmonary disease can be related to the inhalation '6r.-M 
infectious^gents orl irritating particulate matter. However, there exists“|'a' „ 
: wmm§ tremendous gap between scientific knowledge and public attitude in the case of 1 
cigarette'smoking. While there is as of yet no hard and firm evidence 
'-«B&S£i«’-^-®stablish.a direct causal relationship, there has been an almost epidemic in- 
■ ^crease in carcinoma of the lung and chronic obstructive lung disease associated ^ 

i^with increased cigarette smoking. There have been numerous retrospective and 
prospective "Studies-'thathave -shown -that the risk of -a smoker dying "from lung J 
( ""'cancer to be as high as 14 times that of a nonsmoker. Cigarette smoking is 
also closely related to the clinical syndromy commonly grouped together as 
chronic obstructive lung disease^ One such clinical disease, emphysema, is 
characterized by destruction of "Slveolar tissue with enlargement of air space 
distal to the terminal bronchiole, resulting in progressive shortness of breath.'^ 
^f^rV Another condition, chronic bronchitis, characterized by hypertrophy of bronchial ‘| 
mucous glands which leads to production of excessive mucus resulting in a‘chronic 
H^^^^^^roductive .cough. Carcinoma of the lung and chronic obstructive lung disease ^'=*j 
.^J^f^'^ ? afe clinically distinct entities, however, they may represent the final stage "of 


continuous irritation. ' r -»* s y 

^ .^i.ytThe effect of cigarette smoking on the human lung was identified during 

^‘v t i.y.*>’^'routine autopsy studies performed on healthy young victims of sudden and unexpect- 
: ed death. ■ “Niewoehner et al. (1) studied the lungs of 39 such individuals who 

averaged 25 years of age. Nineteen of the 39 were smokers and 12 of the 19 had 
either'productive coughs or frequent colds. Of the 20 nonsmokers'*"fonly 3 had 
: .-.'Vevidence of any respiratory symptoms. Loss of bronchial epithelium and evidence 

of bronchial wall inf lammation were common in the smokers. 1 The most striking 



’ Ther^ is some evidence which supports the belief that’the irritant 
potential of cigarette smoke first manifests itself as bronchitis and emphysema • 
and ultimately leads to neoplasia. The early work of Auerbach et al. (2) 



c 


In 

a detailed blind study of the tracheobronchial epithelium of 456 men and 302 
women showed that loss of cilia, basal cell hyperplasia and appearance of cells 
with atypical nuclei were more common in smokers and increased in proportion to 
the number of cigarettes smoked. Extensive atypical changes were commonly seen 
in patients smoking more than 2 packs of cigarettes per day. They also found 
in one patient, a squamous cell carcinoma in one area together with multiple 
areas of atypical basal cell hyperplasia at a distance from the carcinoma. 
However, one should not rule out the possibility that different components of 
cigarette smoke are responsible for the inflammatory and neoplastic changes 
observed. > ° - .. • *; • iV '&■ i :•'»■*>', -w-*•.•£***. i* - •t.' t■/;.~ 






l&i&t '•f 


*/- ■ c " :‘y -K. '•'V ' i ' A r, ‘-•- '• /: 











*:•:■'• ■~ T ~t,. { v ' rr~^--7^*7rspr^^ •v>^ t t"- •jV-.V-' •■-- -• v ■■ * ■ ?■-.h*:^'"'" 
^r- ' \v s :.' -- l ‘ "?.*-ul- ■ , " , >vr' ;: v ; : *;'7f '••' ; •*••' -•/* '■*’ -•-**• 

■ .!• v> ; vr^rtv'•' • t 1 '*i‘XVu"-^■*<“-■$ •Kv^'VA* f '"- ' "•" l > ■;’• ^ v • ■ ' • 
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■ .V t-vr^/y^^r^vv ryh* *&*C ' : *»•- ; ; "•"’^ l >' •:’• ’ • ;•••' ■• ■-■■•; ^ 

■ .The ’fiefchanlsms by'Uhich the’lung defends 'itself against the "effects '’* 
'/••/,£ Of infectious" agents, “toxic substances, and allergens are complex and still , 

; . ..' -^’incompletely understood. There is evidence that both humoral and cell-mediated 
>v;j;. ;, ^ ,iinmune responses play a protective role in the lung (3-8). . Immunologic' damage 'L 
J£p[ dlso occurs in the lung.This is associated with the host’s inflammatory" re-' Jig 
'*"-r' : % ?P°“® e tb°antigenic.material from microorganisms or to proteinaceous material -sw 
emanating from Insects’ or animal matter, "such as pigeon excretia, animal dust 
'^-tT;4t-'^:©tc.‘r‘ : 'br *to^reactive' Chemicals which may function as haptens. • 

. •;.?/’-^-J>\^Since" any one segment of the respiratory tract differs from others jfp 
' in terms of Vascularization, lymphatic drainage, distribution of lymphoid 
v ’tissue, availability of macrophages, and microanatomy of the mucous membrane, 
can be anticipated that the site of deposition of immunogenic material in ’ 
^r;^^tKg^fespii:Stofy' , fracE } 'wiiri)e“Srie of "Ifie maj of 'factors determinibg^tfie' quail- 'WM 
tative and quantitative aspects of the subsequent immune response, and that 
the site will also be of major pathogenetic significance in the development . 
of immunopathological diseases of^the respiratory tract. Creasia et al. (9) 
showed that upon intratracheal injection of particulate material into small 
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rodents the primary site of deposition was the distal lung. Nettesheim and 




: 


Williams (7) employed this observation^to determine whether antigens that are * 
allowed to'penetrate to the alveolar parenchyma are capable of effectively 
triggering an immune response and where this immune response is located... 
s Using respiratory-disease-free mice,’they showed that particulate antigens 

* -- -' y: (RBC) were ineffective in triggering a humoral immune response when deposited 

( in the deep lung. However, when larger amounts were applied, an immune re¬ 
sponse was observed and the spleen appeared to be the major location of most 
of the antibody-forming cells. In addition, the spleen also contained primed 
■ memory cells which responded to secondary antigenic stimulus. This was shown 

; '";by experiments in which either the numbers of antibody-forming cells were 
' ^enumerated"in"the lungs^""lymph nodes' and spleens of intratracheally-exposed 
. animals or^by ^experiments where the spleen "was removed at various times before ^ v , 

v -?T after ^antigenic challenge. ^Their studies also demonstrated that once a 
‘primary'antibody "fespdnse" r had been"successfully induced via : the respiratory 
tract ,* "local as -well as ^systemic "immunity developed, that is, an anamnestic 
response could be initiated via the intratracheal, as well as via the intra- 
r ™ ir '$enoiis i6ut^'acc6mpaxiiled 'b^ ’a'massive ’influx'"of lymphoid 'elements' into the’ ’ ^ 
lungs in both cases. Hiramoto and Hamlin (10) previously showed that anti- 
•v; ; body-forming cells appeared in the lung during an anamnestic response in which 
, both primary and secondary antigenic challenge were given intravenously. 

• . Nettesheim and Williams (7) concluded that nontoxic, particulate antigens de- 

ky.: posited in the alveolar parenchjmia are readily eliminated or rendered non- 

immunogenic and that only a small proportion of the immunogen is capable of 
‘ i entering the blood stream, probably at the level of alveolar capillaries and 

initiates a systemic immune response. These findings are in contrast to the 
studies of Holub and Hauser (11) who reported a predominantly local antibody 
response by lung alveolar histiocytes after intratracheal instillation of 
antigen and the studies of Johnson and Waldman (3) in which it was shown that 
local introduction of antigen into the respiratory tract resulted in an optimal 
local pulmonary response with little or relatively less evidence of systemic ,■ 
responses; the converse was also true. Of further interest were their studies 
In which mice were exposed to killed Bordetella pertusis organisms or to live 
Sendai virus prior to intratracheal or intravenous stimulation with the hetero- 
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1 - ^l°g° us RBC. They observed a marked inflammatory response as a consequence of 
; ^; . .^ e additional microbial-agents 1 which was accompanied by an enhanced aritibody 

M X- X res P° nse -to £RBC when the antigenrwas administered intratracheally. .'.These: JJ 
-v--*yV y '* experiments suggested that respiratory infections might play an important 
•S^-6o .; i. ro ^ e as "conditioners'^.or adjuvants" in the induction of the immune response 
XX -%’ ; ''i-£A n , the .deep ^ lung. ^-Finally, their studies also demonstrated secondary responses 
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of the major cell types of the alveolus is the alveolar macrophage 
a ■ ^vThis mononuclear cell is derived from a bone marrow precursor but undergoes 

differentiation in the lung presumably to adapt to the high oxygen environment 
^the alveolus. This cell is the principal macrophage of the lung and is re- 
: A?-1§^? poi ^ ible ^ or tb ? uptake and removal of inhaled particles (12). Thus it acts 
.protect Ithe['respiratory membrane'from the tissue-damaging properties of'in- 
• • ..^* a ^- e d particles and also may act as a transport which out of the iung for 

.^Sjr °reign materials. '-The intrapulmonary processing of foreign particles deposit 

• on *- be res Pi rat ory membrane depends on the primary and secondary mechanisms 
directed at the physical, chemical and biological properties of the particle 
■ %2^1^;^;^which are associated with its pathogenic potential. Primary mechanisms include 
’the coating actions of secretory materials, chemical interactions with oxidant 
gases, solubilization of .salts .and phagocytic ingestion by resident, alveolar 
“acrophages. ^The primary particle processing mechanisms are enhanced by secre~’^Mj^[. 
/^tory v humoral and cellular-immune mechanisms resulting from previous exposure. 

Secondary cellular and humoral defense mechanisms are brought into play when m 1 || 

£ . the primary systems fails to process adequately the inhaled particle. This 

^^ "complex set of mechanisms provides many opportunities for defective function 
-‘in particle uptake or intracellular processing phases of phagocytosis, in the 


4, ir' ; subsequent .iinmune responses ? and in protective mechanisms against the proteo- .. 

tic .enzymes' released in the inflammatory response. : For example certain parti- ' 
—^9 u ^ ata materials such as silica or asbestos may induce direct lysozomal damage, 


;host to mount an immune response. \, ; vI.Xxxxir v u ’. A 

recent years, a great deal of'information has been gathered in re- '’’^1^1^^ 
-lation to the cellular components of the immune response. In mammals, like in ’ 
avian species, there are two primary lymphoid compartments. The thymus, which 
has i an inf luence on the cells (T-cell) that participate in cell-mediated immunity '% 
and: the analogue of the bursa, which has an influence on the cells (B-cells) that 
, synthesize antibody. In addition to their separate functions it has been shown 
that the ability of a B-cell which has been exposed to antigen to initiate anti- 
body production depends for many, but not all, antigens on the concomitant ' 

activity of specifically stimulated T-cells. These T-cells can exert a regula- •:%}*■ 
tory influence on several B-cell functions: (a) the switch from IgM to IgG ‘S 

antibody synthesis; (b) selection of clones producing antibody of high affinity; 

(c) suppression of B-cell function under certain circumstances (15). There is 
also an impressive body of literature which implicates a third cell type in 
both the efferent and afferent limbs of the immune response. This cell type, ’. 
referred to as an accessory cell, has enjoyed varing degrees of favor among - ;* 
immunologists in regard to cyclical feelings of its importance in the.immune re-r^E^ ^ jl 
sponse. There are numerous reviews which have been devoted to the function of 
macrophages, especially their role in the immune response (16-19). '"'f ' 
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®y definition, the basic functional property of a macrophage is its 
ability to-engulf-foreign materials. Macrophages take up materials essential- 
^ ly by two. similar processes, phagocytosis. (particula.te materials) and pinocyto- 

sis fsoluhle maft-pr^ . Unt-Vi nrnrpcspc arp ini ti a rpd hv 1-Tip ■fnf prate Mon of the T ' J 'v3^ 
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, sis (soluble matter) . Both processes are initiated by the interaction of the 
' \ foreign material with the cell membrane (20). The material, after entry into 
;^-vLthe cell, becomes surrounded by a membrane which eventually coalesces to form 


*;vtafe 


w . .. .,y : - . . . «?.. . . „ ^ Vi•5'}?? 

v; the phagosome.% 'SIhe phagosome moves to the interior of the cell where it sub- 
’^V.^:^sequently fuses ^with a preformed ly so some to form a phagolysosome (21). The , 

7 /; '^;..^hydrolytic enzymes of this secondary lysosome catabolize the ingested material 
and for many substances, the endocytic function of the macrophage is fulfilled. . 

V; '\- V; *’ :- ,It is this product of endocytosis that has intrigued immunologists, for this cs•'*«£& 
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3till'Soufewhat unclear;~While some suggest'that there’is no correlation’ , J 
between susceptibility to phagocytosis and immunogenicity ( 22 ) others have shown 
VI. that some of the phagocytized antigen remains associated with the macrophage sur- . .'p’xfi j| 
V l'T face and is more immunogenic than.free antigen alone (23). Evidence for the 
' : , role of the macrophage in humoral* responses was provided by numerous in vivo 

studies using irradiated mice (24), reticuloendothelial blockade (25) and anti- 

• *./ macrophage serum (26-28). The essentiality of macrophage participation in the 
^primary in vitro immune response was shown by Mosier (29). In mouse spleen 

^.cultures, antibody production appeared to involve both the phagocytosis of 
*’ ‘antigen by a cell population capable of adhering to glass (macrophage-rich) and 
V;- antibody production by a non-adherent cell population (lymphocyte-rich). Later, 

; the non-adherent cell population was further resolved into its T and B cell : 

,VV?;components (30). Several possible functions have been assigned to the macrophage ' 

• : in its participation in the immune response: (a) antigen processing; (b) antigen y/r0t : 

presentation due to surfaceybound components; (c) providing the necessary micro- 
environment for lymphoid cell survival; (d) mediation of the signal for antibody jpjfjgfl 
^production by B-cells. An intriguing model of antibody formation recently pro- 
posed by Feldmann(31) employing the three functional cell types does not pre- ' 



which exists "regarding the role of the macrophage in the induction of the humoral 
immune response. Further,-the literature regarding the role of the macrophage ' 
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in cell-mediated Immunity is almost as voluminous and has recently been reviewed 
by Nelson (32)• ’It soon becomes apparent that there is no consistent agreement 
among investigators as to the precise role of macrophages in immune responses and 

\a great deal is yet to be done to further our understanding* 1003545778 

-' To return to the main stream of purpose, the alveolar macrophage system 
constitutes an important cellular defense mechanism in the lung, by virtue of its 
role in removing foreign substances. It is also possible that these cells co- 
operate with lymphocytes in situ in the lung or transfer antigen to lymphocytes 
in regional lymphoid organs. Consequently, any environmental factors that inter¬ 
fere with the function of alveolar macrophages may be considered to be of poten- • 
tial danger to the immune capabilities of the host. In recent years there has 
been a significant amount of interest in the effect of tobacco smoke on macro- -V; VpfV 
phage function. The exposure of alveolar macrophages to tobacco smoke or its 
components has been shown to induce a number of metabolic and functional changes 
in these cells. Alterations have been demonstrated in the resting rate of glu- 
cose oxidation (33), protein synthesis (34), the activity of various enzymes 
(35-36), ultrastructure (33,37), cell growth and nucleic 
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(38-39) ji and phagocytic ability (40-41). In’ addition, recent reports suggest 
. chat '<rtgarntt'e sttoke “or 'components thereof have an 'adverse' effect on'’the ' 

,, : ^Inmnme response. Holt and Keast f42) studying the acute and chronic effects ' 

.i of cigaretteAmoke on mice have demonstrated significant death of cells of 
. the -immune -series both in vivo and in vitro following acute smoke exposure. *'' 
f ^Chronic, exposure to smoke on the other hand resulted in increased numbers of 
, macrophages and lymphocytes in the lungs of experimental animals. Finklea 

shown that young adult cigarette smokers had significantly 
; lower coricentrations of antibody to influenza virus A 2 after either natural 
infection or vaccination as compared to a similar group of nonsmokers. 4 
Roszraan and Rogers (44) demonstrated that there was a dose-dependent suppres- 
n.i v.-sion of .the :in vitro -anamnestic response of rabbit lymph node cells to SRBC -r'i4l|p|$ 
'■•'/•by nicotine and the water-soluble fraction of cigarette smoke. Suppression 
--..J cou l d be achieved after exposure of the cultures to either agent for a period ; 4 ;S^|lp|§ 
2 ;^ loUrs befdra antigenic dhaTlenge,' thereby Suggesting that'these Materials 
: induce a rapid and irreversible effect on lymphoid cells. Using the C57 B1 mouse 
- j-as a model 4 Thomas et al.~ (45) showed that mice receiving 26 weeks of exposure " 
to cigarette smoke had decreased^primary and secondary immune responses in all • 
.//■“^organs -'examined after intratracheal instillation of SRBC. .The primary response 
„ „ i n ihe lung was completely suppressed whereas the secondary response was delay- 
' ed. Primary responses in mediastinal and cervical lymph nodes and spleen were 
short-lived while secondary responses in these organs were delayed.’ In an . 
additional study, the same authors (46) exposed mice to cigarette smoke for up 
.to 42 weeks. '. In mice exposed to smoke only during the week following immuniza- 
tion, the response was not impaired in any of the lymphoid organs examined. • 

“ However, a decrease in the primary response in the lungs was observed in mice 
exposed to smoke for 9 days prior to antigen administration. The responses 
found in spleen during the initial 120 days of exposure were erratic. However, -j?|<sSws$£l 
Rafter ,294 days of exposure the response in spleen was depressed in all animals. 

The lymph node response was consistently first enhanced and then depressed by 
"'cigarette smoke exposure. " Esber et al. (47) showed that inhalation of whole 
cigarette smoke or its vapor phase impaired the hemagglutinin response of mice 
injected with SRBC. An immunosuppressive effect was observed in animals exposed *^$^4 
y,vy;'to whole smoke or’vapor phase for seven days before or’two" days after administra- 
tion of antigen ^'* 5 This effect was’apparently temporary since there was recovery 
of immune responsiveness about 14 days after exposure. It was further found 
* '* that the early-or inductive ‘phase Of "both primary and ‘secondary responses "rather 
• than the late or productive phase was affected by cigarette smoke. This suggests 

that the suppressive effect of cigarette smoke may be functioning at the level iji 

of the macrophage. A similar recovery from the immunosuppressive effects of ..’ 

cigarette smoke has been reported by others (48). In an additional study, Thomas 
et al . (49) showed that there were only minor differences in immune responses of 
animals exposed to whole smoke and challenged with antigen by a systemic route 
rather than intratracheally. This appears to be in opposition to the results of 
Esber et al^. (47) described above. . . . y 10035 45 779 

Studies of the effects of cigarette smoke on cellular immune function 
have also recently appeared. Rylander (50) showed that guinea pigs used in four y't-.'c 
and eight-week inhalation experiments had increased numbers of macrophages and •riy. v '* 4 ? 
leukocytes in the lung. Smoke that had been passed through Cambridge filter did 
not cause the effects. Thomas et al. (51) exposed mice daily to fresh cigarette 
smoke for up to 35 weeks and evaluated cell-mediated immunity as measured by 
Phytohemagglutinin responsiveness of lymphocytes from various organs. They observ-^f^t 
ed an initial enhancement of PHA responsiveness in lymphocytes from regional lymph 
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: ^.;nodes and peripheral blood but by the 35th week of exposure the response was v -^ 

T ,-^ ^Markedly suppressed.'-On the- other hand, Suciu-Foca et al. (52) and Whitehead f" 

—• ’^3) demonstrated that there were no differences in PHA responsiveness 
in lymphocytes obtained from smokers compared to age-matched non-smoking con- 
^trols. The latter study also showed that the addition of nicotine to cultures 
peripheral human lymphocytes had no effect on PHA-responsiveness. These 
^-• - v '^>fc§tudies are „in contrast to the study of Desplaces et_ al. (54) who found tobacco 
inhibited lymphocyte by, PHA but stimulated lymphocytes in the absence of % 

’ ,^Th e studies of Warr and Martin (55) showed that MIF reduced the migration \ r 

A::fAiQf alveolar macrophages from nonsmokers but was ineffective in preventing migra-* 
\:V^ tion °f alveolar macrophages from smokers. Migration of macrophages from non- 
:ismokers with delayed type hypersensitivity skin reactions to Candida was inhibit-^ 
>y-*;t^'i?d when antigen was present in the medium. Antigen did not inhibit macrophages -.AVt.., 

V W h° ^ ac ^ e< ^ delayed hypersensitivity to the antigen or macrophages from cigarette ^ 
t itfall y» "Roszman et al. “ (56) Showed that nicotine or Water soluble 
, ; ^fraction of whole cigarette smoke inhibited transformation of rabbit peripheral 
; v ^rblood lymphocytes stimulated with anti-rabbit Fab (B cell mitogen) and concana— 
r: pyalin A (a T cell mitogen). These results deserve further investigation in 

■Vi ' .terms of the role of macrophages in these responses. 5 .. 

7*^ A'A-. . ■■ . •••< . ... ..... 7‘7’AOxiV ... -.t . , J .. A 7 •.: •' ■ 
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^Although the above described studies represent a vast refinement of ‘ 
-experimental design over those previously reported it is quite obvious that 
’ there is a lack of agreement of experimental results. Whereas one group demon- 
strates an irreversible effect of cigarette smoke, others point toward reversi- 
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■>■ Whereas some find a suppressive effect on systemic immunity, others 

£ limit the effect to the lung. Where some restrict the inhibitory effect to 

particulate matter in whole smoke others find it with the gas phase. Whereas 
...some find an effect on cell-mediated immune function others do not. All of 
,\ these differences may be due either in total or in part to the differences 
'^4® cigarettes used, experimental animal, state of health of animal and condi- 
^ • ' .irions used for smoke exposure. - In order to generate meaningful results these 
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v C;-..-.-• ..;-It is generally accepted that the adaptive immune response evolved: as 

' " • ?•& general vertebrate’protective mechanism to eliminate "non-self" components' 

^ 57 )* Burnet suggested that the immune system functions as a surveillance 
' mechanisms to aid the individual against life-threatening challenge. The sur- ' 

veillance concept has been suggested as a defense in human cancer. In simplest , 
(terms, surveillance assumes that tumor cell clones emerge continuously during • ; 

. the life of an individual, and that effective mechanisms exist by which the , : 

foreigness (tumor clone) is recognized, attacked and destroyed. This can be 
explained on an immunological basis. There is sufficient evidence to indicate 
that in the process of transformation to a neoplastic condition, the cell ac¬ 
quires whichi were not present on the normal parent cell, thus the cell is no 
longer recognized as self and as a consequence is rendered susceptible to immune 
attack on the basis of its newly recognized antigenic makeup. One prediction 
of this theory is that individuals who have immune deficiency, either congenital • . 

or acquired, should be subject to a higher incidence of cancer. Indeed, the 
evidence of Good and Finstad (58) indicates that patients who have congenital 
*' immunological defects and patients who have been immunosuppressed following organ "V -' r ~- : 'r 
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transplant develop neoplasms with a greatly' increased frequency, . .Further, 
ttn' man, the ihdidence ( 6’f cancer greatly increases with ensuing age, it has 
_thus been suggested that the development of cancer is associated with a pro¬ 
gressive inability to eliminate foreigness which is related to a decrease in 
efficiency of the immunological defense mechanisms (59). It should be noted 
$that most chemical carcinogens are also immunosuppressive (60) and that many, 
if not most,-viruses known to cause cancer in animals can also suppress the ’ 
.host’s imimunological reactivity. , Thus it would appear that any alteration'^: 
of the~immunoiogicai defense mechanism may contribute to the establishment of 
malignant Cells and the eventual demise of the host. : r 

is apparent that the cells of the reticuloendothelial system are 
'actively involved in maintaining the health of the individual. Numerous studies 
suggest that macrophages are involved in the induction of both the humotaj..and 
€eli"mediated’’iiMune'’response,’'probably at the level of antigen processing. 

There is evidence to indicate that blockade of RES function results in an inhibi 
tion of immune responsiveness. Several studies have shown that tobacco products 
interfere with the phagocytic capabilities of the macrophage as well as with the 
'host’s immune response. This research proposal is designed to determine the 
''Tcellular and molecular mechanisms, involved in the immunosuppressive effect of ■ 

• cigarette smoke. ' -V' 
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specific aims of this research proposal are to obtain an understand-,, v?; ,vV 
ing of the effects of cigarette smoke on the immune response. We are interested 
in determining the cell type affected and the molecular mechanisms involved. We k J:J". 
will study the effects of cigarette smoke on the maturation of the immune response 
to determine potential populations at risk to increased infection or malignancy. . ’ 
Experiments will be devised to elaborate and evaluate the following parameters: 


Experiments will be devised to elaborate and evaluate the following parameters 
j ’"'Year 1 ' '•**' ’ , vT®"**’' ■■■■ . ..V;'. U s ;• . ■ 

^il, s«-To further define the immunosuppressive effect of cigarette smoke 
% ’■ on the immune response of mice. , v '-l-:T- : 

: 'Vv-l-'-VTo study the effect of chronic smoke exposure on humoral anti 

production. , w ^>vW vi 

To compare Kentuckv Reference* cigarettes flAl and 1R1) in 




■ on the immune response of mice. i-’v-vv 

v« g '.?.°!. study the effect of chronic smoke exposure on humoral anti- ■ : .-0f0i0. 
^^&>ody' production. £ '• - 

;'(1) To compare Kentucky Reference‘cigarettes (1A1 and 1R1) in 
' ’ these studies. v:. '. " it . ’• 

y* ;v^t?*"t2) Evaluate’' pla'que-forming cells and serum antibody levels. S 

'b. To study the effect of chronic smoke exposure on correlates ^ V,i~-4 

of cell-mediated immunity. •:. 4 -"’ v " 4 '’'' -V:""'''.' • ■ ' '-'/Q 

c. To evaluate the immunosuppressive effect of the vapor phase . ** v.:.3 

cigarette smoke on humoral and cell-mediated immunity. CH ' 

(1) To compare 1A1 and 1R1 cigarettes 

(2) To compare acute and chronic exposure to smoke. 00 

' Year 2 - • • v r™ 

1. To determine the effect of cigarette smoke on the individual cell 
'types involved' in the immune response. 

a. To study the effect of acute and chronic smoke exposure on > ; \c* 

macrophage function. ... , 

(1) To determine the effect of in vitro and in vivo smoke ex- 
posure on phagocytic and antigen-processing capabilities. 

b. To study the effect of acute and chronic smoke exposure on B- 
cell function in the absence of T cell regulatory effects. 
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r .V-.. : .■'.- ■(•*•) em Pl°y the congenitally athymic mouse in studies ~ : ’ 4 %, 

,%r . ; *“■“?© function. - .*&£.£■:■ -■;■.'..■• •. ■• v •;>•.,. >-.•*• • •. ;; >.ji K . r ■■■■■<** ')■' : '' • 

••../' v v^* ‘ To study the effect of smoke exposure on T-cell function. 

; : .‘ Vv . : ^ . .To determine the effect of cigarette smoke on macromolecular 

- > > v , t; - synthesis in B cell, T cells and macrophages. 

•• " " :' ' ' Tear 3 -;^v^Wv4^\ .:, • ,. > ‘:4.^cj|3MB 

^determine the effect of cigarette smoke on developmental .•-'<'v^gS{SI ^Mw | 
/.'• T' ■ 'i . ..;/ aspects of the immune response.' . "" : --v^IkwP® 


- ^ 0 stud y the long term effects of cigarette. smoking of . • ,v ' f 
: XI i *,P re S nant mice on the immune function of their progeny. "• f 

To study the effects of cigarette smoke on immune function ^£$1 

Of animals of different ages. ■ .• . •• • •••■■• ■ • 

To determine if neonatal exposure to cigarette smoke has • 

'Y - J ‘* ' r ‘‘ any long term effects on the quality or quantity of immune • 

.*,v<;"'^^ \-fTii.} • * ’i*; iirrsi-i■>frh« ; 

;. throughout these studies, the lungs from mice exposed to the various smoke 
^ exposure protocols will be supplied to Dr. M. Robinowitz of the Pathology Depart-/v/v^y--* 
v/ment who will evaluate them for jintercurrent microbial infection and for smoke- 
/^.induced’ pathological changes. Having materials from animals involved in clearly .£ : //Vr 
defined and controlled smoke exposure protocols will enhance our understanding 
of potential pathology induced by cigarette smoke. //■*;,. :4- v 

' D. Experimental Design and Procedures ; .y;/ ; • V,./: ^’’•• 

1* General Outline . • : ...• •/ 7 - :-V / ; \ y 'r v v / 

j t i s becoming increasingly clear that requirement for collaboration 
among different cell types in immune responses is a function of the physical and 
* chemical structure of the antigen. The chemically complex materials, that is, 

1 • ' those substances containing a small number of diverse antigenic determinants 
V, appear to require the collaborative interaction of T and B cells for antibody pro- w ^ 
^duction. On the other hand, those antigens which contain a large number of 
repetitive chemical structures appear to stimulate B cells directly in the ab- _ / , 

•sence of T cell help. In a like manner, the requirement for macrophage partici- ■* 
pation^ in ;(% immune ; ^esppnses also appears to be based on antigen structure. The 
complex, particulate antigens appear to require some interaction with macrophages, 
either for processing or “presentation to the appropriate immunocompetent cell 
:/ tyP e ^_,The less, complex materials appear to be independent of macrophage handling/' 

Thus one could speculate that the T-dependent^antigens also require macrophage 
participation in the initiation of immune responses, whereas T-independent antigens 
are also macrophage-independent. r > ; ; " r ' ' . ' •• 

Our'previous results (see Progress Report #3) have shown that acute 
exposure of mice to smoke from Kentucky Reference 1R1 cigarettes caused marked 
suppression of the appearance of plaque forming cells in the spleen. Our working 
hypothesis is based on convincing evidence which suggests that macrophages con- / 4 
tribute to the initiation of immune responses at the level of antigen processing 
to many, but not all antigens. Further, it has been suggested that interference 
with the phagocytic function of the macrophage results in an altered immune re¬ 
sponse. Therefore, based on this evidence the most likely target cell for the 
immunosuppressive effect of cigarette smoke would be the macrophage. Although 'N V / 
this cell type has been implicated there has been no rigorous demonstration of 
the interference. One of our major goals therefore will be to determine the 
effects of cigarette smoke at the cellular and molecular level. Our laboratory ? r ‘^:f 
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has the animal systems, techniques and reagents available to undertake such 
, a study. For example, our anti-macrophage serum can be used to obtain popu¬ 
lations of B and T. cells devoid Of macrophages, whereas our anti-plasma cell 
serum can be used to obtain populations of T cells and macrophages. Using 
these reagents in combination in the athymic mouse system we can obtain ' 
ii ; ?-Vpure" populations of B cells and macrophages. One test of the hypothesis 
.; S that T-independent antigens are also macrophage independent and a possible /■ 
^.iXmeans of determining the cells^affected wpuld be to employ nude mice in 
■'IV smoke exposure'protocols. v *At this time, I would predict that such animals '/"a#! 
■Y*. would be refractory to the immunosuppressive effects of cigarette smoke if 
macrophages were the target cells and were not required for the immune re- - 
sponse to T—independent antigens. We can also use these isolated cell types 
■' to study the in vivo and in vitro effects of cigarette smoke on response to 
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mitogens and phagocytic capabilities. - ■'.; ...; 

jr Another major emphasis of this proposal is directed toward an under- 

:, ... standing of the effects of cigarette smoke on developmental aspects of the •• 

. '-immune response. ^Newborn mice fail to produce antibodies to.SRBC (61) and 

newborn rats will accept allogenic skin grafts (62). Newborn rats have been . 

. shown to lack the follicular and medullary antigen-trapping structure charac- 
; teristic of adult animals. Further, there is an apparent absence of function-"■ 

.’•macrophages in newborn animals. Moreover, the.transfer of macrophages from 
adult donors into newborn animals has resulted in an increased immune response 
' thereby suggesting that immunological immaturity may be due, at least in part, 
l v : to an inability of the neonate to handle antigens, thus ascribing this defect 
to immaturity of macrophages (61,63-64). As part of our Pulmonary Program 
Project, my laboratory is interested in the immunological functions of alveolar 
macrophages, specifically their ability to serve an accessory function in 
. humoral Responses. ^ One aspect that will be L studied in collaboration with 

Dr. J. Bellanti is the maturation of immunological function of alveolar macro- 
V- « ; phages.V To extend this further, "the present protocol will study the effects ' >^1 ^1 

H- of cigarette smoke on the maturation of immune responsiveness. We are interest- 
in determining the effect of cigarette smoke on the immune responsiveness of 
‘ •"’ progeny obtained from smoked-pregnant nice ^.■■ ?- • -;-V- 

” 2.- General Procedures ’ ‘•■ii : v . ; 

'Animals . --.r-; • 

, • V- ..v : ' Two animal systems will be used in these studies. Rabbits will 
be used for studies of the in vitro anamnestic response and as a source of 
alveolar macrophages for the following reasons: the lung is the prime target ?.y 

of exposure to tobacco products, the rabbit is, of sufficient size to yield a 
workable number of cells, and little is knovm concerning the contribution of .-ili 

alveolar macrophages to the immune response. Balb/c mice will be used- for con- 
tlnued in vivo studies of the effect of cigarette smoking on the immune response,* 
in vitro studies, mitogen studies, developmental studies and as a source of macro¬ 
phages. 

(1) Isolation of Macrophages : 

The method of Myrvik et al. (65) will be employed to obtain . 

unstimulated rabbit alveolar macrophages. Briefly, rabbits will be sacrificed 
by injection of a lethal dose of Diabutal (Diamond Labs, Des Moines, Iowa), the 
chest cavity opened aseptically and the trachea closed by means of a sterile ytf&sp&'ki. 
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nemos tat. The trachea will be transected above the clamp and the lungs, heart 

A volume of 30 ml. of Hank f s balanced salts 


' and trachea will-be 1 dissected Out. 

. solution will be injected into the trachea until the lungs are distended, the Vy*?|i 
mas saged^ and the fluid 1 drained into sterile centrifuge tubes. The cells 
Jv^Vill be recovered by centrifugation at 1,500 rpm for 15 minutes and resuspend^- 
k*:- e< * in culture medium containing 20% normal rabbit serum. The cell suspension 
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k Both stimulated and unstimulated peritoneal macrophages will be obtain- , 
vx e ^ from mice. -For stimulated peritoneal exudate cells, mice will be injected 
v. ! -- w ith 3 ml. of fluid thioglycollate medium (Difco Labs, Detroit, Mich.), accord- 
r : ing to the procedure of Argyris ( 66 ). Three days later, the mice will be sacri- 
^ficed by exposure to chloroform vapor and 3 ml. of BSS containing 30 units of 
■--heparin will be injected into the peritoneal cavity. After gentle massage of ^ 

the peritoneum, the fluid.will be collected and cells recovered by centrifuga- 
>. tion as above. The cell pellet will be resuspended in culture medium containing 
* 20% of new-born calf serum. Unstimulated peritoneal cells will be collected by 
a similar procedure except that "fluid thioglycollate will not be injected. - 
Alveolar macrophages will also be obtained from mice by a modification of the 
Myrvik procedure, or as described by Bennett (67). 

‘"V^b. ; Antigens : '..v/ 

: ,Keyhole limpet hemocyanin (KLH) which is a potent inununogen, induc¬ 

ing high concentrations of antibody, evoking high levels of immunological memory, 
and involving a large number of cello in the synthesis of antibody ( 68 ) will be 
used as the antigen. KLH obtained as an ammonium sulfate slurry (Pacific Bio- 
Marine Supply Co., Venice, Calif.) will be purified according to the procedure 
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^.developed in our laboratory (69). .Briefly, after extensive dialysis, the material 
' will be concentrated by ultrafiltration using an XM-100 membrane (Amicon Corp., 

■ " Lexington, Mass.). v The KLH will be fractionated on a column of DEAE-cellulose 
i-q employing a linear salt gradient of 0.05 M NaCl - 0.05 M PO 4 , pH 6.7 to 0.4 M ' 

NaCl - 0.05 M NaCl - 0.05 M PO 4 , pH 6.7. The first peak eluted from the column 
will be concentrated by ultrafiltration, dialyzed and fractionated on a column 
/of Bio-gel A 5 m (Bio-Rad Labs, Richmond, Calif.). The first peak, which is 
purified KLH, shows a single component as determined by the following criteria 
double diffusion; ih agar, Immunoelectrophoresis, analytical ultracentrifugation 
and disc electrophoresis. This material will'be adjusted to a final concentration 
• of 2 mg/ml, sterilized by Millipore filtration and stored at 4°C until used. _;5 

Sheep erythrocytes will be obtained from Microbiological Associates, v : : 
Besthesda, Md . , as a 20% suspension in Alsever's solution. The cells will be 
washed 3 times in cold phosphate buffered saline, pH 7.2, and resuspended in ..^^4 
the same buffer at the appropriate concentration. 


The thymus-independent antigens, dextran isolated from Leuconostoe 
mesenteroides B-1355 as described by Proctor (70) and lipopolysaccharide (Difco 
Labs, Detroit, Mich.) will also be used in these studies, 
c. Tissue culture methods 

■ (1) In vitro primary immune responses 

Spleen-cell cultures will be prepared from inbred mouse strains 
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■■'-^ras described by Mishell and Dutton (71). Cell suspensions will be diluted to ' 

.vi ; ,^ e desired concentration in monolayer type*MEM containing Hank’s salts supple- 
mented^with sodium pyruvate, amino a6ids, vitamins, glutamine and 10% fetal 1 
tv calf serum,:all obtained from Grand Island Biological Co., Grand Island, N.Y. 

■ The cultures will be distributed in Petri dishes at varying cell concentrations |j 
r and incubated at 37°C in an atmosphere of 10% CO 2 and 83% N 2 on a rocker plat— 
;. ; >^r?? orm v culture dishes will receive supplemental nutritional mixture and 

t •>'fetal, calf serum daily as described (71). —-AAa - aakA-; ; . ■■ v; : ;j 

In vitro secondary response A; -, tr : 

Lymph nodes or spleens from rabbits previously primed with 
KLH in vivo will be surgically removed, trimmed of connective tissue and weigh- ‘ 

. ed. Cell suspensions will be prepared by disrupting the organ with stainless 

A : ^teel screens. Cells will be washed in 0.15 M PBS, pH 7.2, and adjusted to 

concentration of 2 x 107 nucleated cells/ml. Culture will be carried 
A-A...out in MEM as we have described previously (72). To detect newly synthesized 
^4k n !tik6dy,- ‘ C^leticine"will be added to the Culture medium and cells incubated 
’at 37°C on a roller drum. 
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£?'^^./iVA portion of the cell suspensions will be stimulated with 100 jig of 
. KLH' while another portion will be incubated with BSS and will serve as control. 

After 24 hours, the antigen will be removed from cultures by sedimentation of 
the cells followed by washing to remove unbound antigen. The culture medium 
will be changed completely on alternate days. For the determination of newly 
synthesized antibody, the extracellular medium will be dialyzed extensively to ,, ■■■£'$ 
remove unincorporated l^C-leucine and subjected to the assay procedure described ^ 
below. For the determination of cells engaged in antibody formation, cell 
samples will be removed on various days and assayed by the plaque technique 
which will be described below. ■■•.-■y . 

d». Methods for evaluation of immune response 
. * " ‘ \£..r (1) Plaque assays .. v ^ ^ • 

:%; t ‘--C//' c '' f - ( a ) Sheep erythrocytes '•* •• 

■ -"Cells releasing hemolysin for SRBC will be enumerated on 
the 4th or 5th day of culture by the PFC technique of Jerne and Nordin (73) as 
modified by Cunningham and Szenberg (74) for use on glass slides. Cells will 
<be scraped from culture dishes and transferred to glass.tubes where they will 
j. be dispersed. V--After determination of recovery and cell viability, 0.05 ml. of 
cells will be mixed with SRBC and complement and transferred to glass microscope 
Slides.'-'Plaques will be developed during a 1-2 hour incubation period at 37°C 
and counted. A similar procedure will be used for spleen cells from animals 
used for in vivo protocols. • ~ 

' ;>"v, ...(b) Keyhole limpet hemocyanin 

. •lie.'..;-.;::;." .. . • .it-L-i-i- v , Cells will be assayed for their ability to form hemolytic - 
plaques against KLH-eoupled RBC as described previously (75). Briefly, spleen 
cells at a concentration of 4 x 106/ml will be mixed with 4 x 108 SRBC/ml which 
have been conjugated with KLH using chronic chloride. After addition of guinea 
pig complement the mixtures will be added to each of 3 chambers'formed on a glass 
slide and incubated at 37°C. Plaques will be enumerated by examining the slides 
under low magnification. To detect indirect plaques (IgG, PFC), an appropriate 
concentration of anti-IgG facilitating serum will be added to the cell mixture. 

(c) Dextran, Lipopolysaccharide 
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ing to the method of Proctor (70).. 


Plaque assays for these antigens will be carried out accord- 
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. ! ',. [• (2) Radiolabeled protein and antibody assays 


' ; vx *n t c* r x/it h >TcS ?v : Newly. synthesized extracellular proteins will be determined 
’ \ by precipitation of culture fluids with cold 5% TCA as previously described . 

„ ;J ; (72) . De novo synthesized antibody will be measured by reaction of culture 
.fluids with an insoluble immunoabsorbant as described by Self et al. (76) 

^ ^ nd modified by Herscowitz and Stylos (77). . This method is an extremely sensi- 
tive and specific assay of antibody synthesis including antibody of low V 

affinity* -'••• v,.■'-•». •• 

Hemagglutinating antibody - : SVr- 
' ‘X"5^4^^|Jt?‘15eriim antibody against SRBC will be assayed by standard hem- .. 

^ agglutination using the Microtiter system (Cooke Engineering, Alexandria, Va.). 

Antibody against KLH, dextran or LPS will be measured by passive hemagglutina- .V : v *J 
.-xtion in the same system using methods described above for preparation of antigen- ‘ ^1 ;.V,: 
^coated RBC. ■ ‘/Vvi-iiV.i 1 - 

^ : ,7rt?.r > ri b ^yy al^ Mitogen studies - x --^ V v/^^v-v.-. 4 ;-W'r• v*^; v '•'ir.-' «». jiVi’v'" •• . \ .1 

;• /rS Determination of the optimal concentration of mitogen (Phytohem*- " 

agglutinin P, Difco Labs.; Concanavalin A, Miles Labs.; Lipopolysaccharide - ' 7 ,': 

Salmonella typhosa 0901, Difco Labs.) will be carried out according to the / 

^method of Peavy et al. (78). Briefly, 3 x 10 6 cells are incubated in 0.8 ml . “ iV *^ 

- of complete MEM containing 10% fetal calf serum, 2 mM glutamine, MEM nonessential 
—amino acids, penicillin, streptomycin and fungizone and 37°C under 5% CO 2 in '■■U'Ujr- 

air for 48 hours in the presence of varying concentrations of the mitogen. 

After this period, 1 pCi of methyl-^H-thymidine will be added and incubation . ^ 

; continued for 24 hours. Cells will be harvested by centrifugation, washed in '" 

cold 0.15M NaCl, twice in cold 5% TCA and once in cold methanol. The precipi- ^vf;v 
y ; tates are then air dried, solubulized for 2 hrs at 45°C in 0.25 ml of Nuclear . , 

- Chicago Solubulizer and counted in a liquid scintillation detector. 

v,WjyV-f« Exposure to cigarette smoke 

— ‘y, ;;... ' (1) Cigarettes ; ' . ' _ . 

;;cigarettes used in these studies are obtained from the *■ 

>; ^University of Kentucky Tobacco and Health Institute and include the LAI (low 
-nicotine) and 1R1 (high nicotine) reference cigarettes. Ten thousand cigarettes' 

- //.'.from the same lot were purchased and are stored in the original cartons plastic ' 
^j-lbags at ^20°C. One week before use, the .cigarettes are removed from the freezer 

packages opened and stored in a humidified chamber at room temperature. Cigarettes 
r 'were weighed before use so that uniformity could be maintained. “ v 

Smoke exposure *”v» -I-.... 

.^.v.-^yMice were exposed to cigarette smoke on the Prototype Mark II - v 
Walton Horizontal Smoke Exposure Machine. Routine calibration of the machine 
;• is made to achieve uniformity. The rotometer is set at 10. The-machine is 
set to give a 2 sec. juiff^ .28 sec mix and 30 sec purge to complete the cycle. 

Exposure consists of the first 8 puffs of the cigarette. Twenty animals are 
always exposed to cigarette smoke at the same time so that equivalent exposure 
. is given to all animals. Before each experiment the mice are acclimated to 
.the smoking machine by putting them through 8 puff cycles, two times a day 
for a period of one week. Those animals to be used in smoking experiments are 
then exposed to increasing numbers of puffs of cigarette smoke for 2 days before 
they enter a smoking protocol. Sham-smoked and cage-held animals will always 
be used as controls. 

(3) Animals 

Male Balb/c mice, weighing between 13-15 grams have been used . v 
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in the past. These animals were chosen for'the following reasons. Alth__ 0 .. ^ 

they contain endogenous''type A and type C virus'particles. Spontaneous indtic- ’ Vl 

tion of leukemia is not characteristic of Balb/c mice as with other inbred 7.pp0 
strains. Secondly, these animals are low inducers of aryl hydrocarbon hydroxy¬ 
lase, an enzyme involved in the metabolism of aromatic hydrocarbons and thought 
to be related to the carcinogenesis of tobacco products. Every attempt is 
made to use healthy animals in these experiments. We have had some problems 
in the past with 

excluded these animals from the study 

Experimental' Approach : ; 

;a. Effect of chronic exposure to cigarette smoke on humoral 
•'v immunity 

•■^1; Groups of mice will be exposed to smoke 
1A1 and 1R1 cigarettes according to various protocols for up to 40 weeks. 

"Ing -1 smoke'“expoluie^^tfie^’animals will be evaluated for their ability to produce 


intestinal parasitic and worm infections in mice and have 
limals from the study. *' ‘ py :v- 


XM-J-Vi- 



f-'ii 


from Kentucky Reference 


Follow- 

;serum antibody and numbers of splenic plaque-forming cells will be determined. 

The following parameters will be evaluated: -> 




% 1) type of cigarette - 1A1 vs 1R1 

2) number of cigarettes - 1,2, or 3/exposure •' 

3) .number of exposures per day - 1,2, or 3 

V'4) duration of exposure - 10,15,20,25,30, etc., weeks ‘ 

5) effect of withdrawal from smoke protocol on recovery of 
•immune response ’ 

6) time of antigen administration • 

’7) type of antigen used - T-dependent vs T-independent 


*v i-r 
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Effect of chronic exposure to cigarette smoke on cell-mediated .* 

;:.r--^ ;immunity .. . • ..... ..... 

and Feldman (79) have shown that injection of macrophage 
‘bound*antigen can induce a state of delayed hypersensitivity in animals. Alveolar 
and peritoneal macrophage will be harvested from normal animals and incubated - 
with KLH. \After washing the antigen-containing macrophages will be injected alone .\‘ v £* 
or in"Freund’s complete adjuvant into the footpads. /-Some 2-4 weeks later, the 
animals will be challenged with soluble antigen injected.into the skin. The de- MM 
gree of erythema and induration will be measured some 24-48 hours later. These 
experiments' will Sottpare' ntactophages from smoke-treated animals and sham-smoked 
injected into both smoked and sham-smoked recipients. 

: ! /’’.■*« ■■ : . •. /: 

v : '•'' * Warr and Martin (55) have shown that alveolar macrophages from 
human—smokers were insensitive to the action of MIF obtained from healthy volun¬ 
teers and that the presence of antigen did not inhibit macrophage migration in 
preparations derived from antigen-sensitive smokers. Experiments will be set 
up to evaluate similar parameters in smoked-animals. We will determine if 
alveolar and peritoneal macrophages from such animals are similarly refractive 
to the activity of MIF generated from healthy animals. In a like manner, we 
will evaluate the ability of smoked animals to generate MIF to be used in assays 
with macrophages from normal animals. Pelley et al. (80) showed that MIF was 
produced in response to KLH stimulation. In order to carry out these experi¬ 
ments, MIF will be generated from lymph nodes of normal and smoked animals ac¬ 
cording to the procedure of Rocklin et_ al. (81) as used by Pelley et al . (80) 
lymph nodes from KLH-stimulated animals will be cultured in vitro in cell sus- 
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pension. One portion of the cell suspension will be restimulated with the 
appropriate concentration of soluble KLH to stimulate production of MIF. 

’ ; Another portion of the cell suspension will be cultured in medium alone to 
/ generate control supernatant fluids.r Supernatant fluids will be removed, and 
‘.pooled for 3 consecutive days, and cells will be resuspended in fresh tissue' 
culture medium, The control supernatant fluids will be divided into two 
; equal fractions. One fraction will be used unchanged while antigen will be 
added to a second fraction in the same concentration used for production of 
MIF. -;The supernatant pools will be centrifuged, dialyzed, lyophilized and 
/'stored at -70°C .until used, at which time the sample will be reconstituted 
/ and filter sterilized before use. The MIF will be assayed with both peri- 
,toneal and alveolar macrophages obtained from smoked and control animals 
; /.as described by Pelley and Schwartz (82) or by Warr and Martin (55) as adapt- 
ed for alveolar macrophages. . . . V/ •••.,. ; ;; .> = : 

// ./ c. Effect of vapor phase of cigarette smoke on the immune response 

/ '& ? view of our previous findings that 1R1 but not 1A1 cigarettes 

had an immunosuppressive effect in acute smoke exposure protocols we will test 
-the effect of removing particulate materials from smoke by placing a Cambridge ;:r . iF 
J.*;, filter in the smoke generating machine. The first factor that must be ex- ' /^ 
//plained is the role of nicotine in Immunosuppression. If immunosuppression 
//is still observed with vapor phase smoke of 1R1 cigarettes we can most likely 1 
rule out the effect of the high nicotine content of these cigarettes and at-. 

// tribute the results to differences in other organic constituents. On the other 
/hand if immunosuppression is lost with the vapor phase then nicotine must play /{M 
.some possible role. Experiments will be set up to evaluate the effects of acute */■: 
and chronic exposure to the vapor phase of cigarette smoke on both humoral 
• and cell-mediated immunity as described in sections (a) and (b) above testing 
similar parameters. 3 . v •• 

■ / v d. Effect of cigarette smoke on the individual cell types involved in 
■’_+ "■•/"'//• the immune response . - 

y-s *}. V (1) Effect on macrophages . /• ’./••/vw- ■•;••• /?.///.>/■;•« 

' /-'/ (a) Phagocytic Function . ..... 

Animals from which alveolar macrophages are to be obtained 
will be exposed to whole smoke or its vapor phase for varying periods of time. 

The animals will be sacrificed and macrophages will be obtained which will be /VS 
/ -tested for phagocytic function as well as the ability to participate in an 
immune response. ■ ‘ • // / / ; -/ / !rt ' 

■ ' ■'-:£* V - , C/1 

-4-1. /•OOV +u~ - 






V > It was observed by Cohn and Ehrenreicli (83) that the pino- 

cytosis of certain disaccharides by mouse peritoneal macrophages leads to ex-' 
tensive vacuolization of the macrophage cytoplasm. The vacuoles were shown to 
be lysosomes containing the pinocytosed disaccharide. Disaccharides which in¬ 
duce vacuolization were indigestible and evidently too large to escape readily 
from the macrophage lysusomes. Thus one has a visible marker to determine the 
extent of phagocytic function of a cell population. v 

Both macrophages obtained from smoked animals and pure cultures 
of alveolar and peritoneal macrophages will be prepared by the methods of ad¬ 
herence and density gradient centrifugation. Cultures will be exposed to smoke 
and/or vapor phase for varying periods of time. Initial experiments will be 
directed toward the determination of optimal concentration and duration of ex¬ 
posure to tobacco products which will allow for viable macrophage populations. 
The condition of the cells so treated will be assayed by morphological observa¬ 
tion with phase contrast microscopy which will be correlated with cell viability 
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, as determined by the trypan blue dye exclusion test. Similar studies will be v 
performed on alveolar macrophages obtained from animals treated with tobacco 
i products in vivo . After exposures to tobacco products, the macrophages will 
v be transferred to fresh media containing KLH bound to bentonite particles and 
following incubation for varying periods of time, the cells will be fixed in 
iv^glutaraldehyde and the number of vacuoles in the cytoplasm will be enumerated ; 
and compared to untreated controls. • Vy •• • r 

*information is obtained, treated macrophage populations 
will be incubated with 125i_i a b e i ec j KLH and the uptake, fate and localization 
J of this material will be evaluated as described. In these studies we will 
. employ the various physical forms of KLH. These studies should provide in- , 

‘ formation as to the effect of tobacco products on the phagocytic functions of 
. /macrophages. ’ .. \ ‘ 

Immune response ^ y /-oy ■ 

•. V^^ : v has been shown that both free macrophage-processed antigen 
and antigen bound to macrophage membranes after processing can be immunogenic V* 

(17) both in vivo and in vitro . ^JThe mode of presentation of antigen appears 
to be a function of the chemica]“and physical nature of the antigen. / 

' Primary immune response in vivo ' ~ •- 

* y-’-V y one series of experiments, macrophages will be exposed to ■ 

• ; antigen before they are treated with cigarette smoke, while in another series, 

the cells will be treated with the cigarette smoke before allowed to react * 

with antigen. After various periods of incubation, the macrophages will be ~ 

• collected, washed to remove free antigen, and injected into nonitnmune syngeneic 
animals. Circulating levels of antibody will be measured by the described ; 

procedures after collection of serum on various days following primary immuni- 
;zation. Comparison will be made with control animals which will be injected ,, .,7 

,with antigen-treated macrophages which were not exposed to cigarette smoke. • ; . v 

^• Similar experiments will be carried out with alveolar macrophages obtained from 
'’ animals exposed to cigarette smoke in vivo . ' vy-'-y‘ v•: . / - 
' (2) Primary immune response in vitro i 

stated previously we have been working as part of the •• "-/ : yy 


; 

* i \ yij r 
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;/-^stated previously we have been working as part of the W 

Pulmonary Program Project on an In vitro model of antibody formation patterned ^ 

V after the Mishell-Dutton system in which we are studying the immunologic func- 
tions of alveolar macrophages. A likely extension of this work would be to CA 
determine the effect of cigarette smoke on the ability of lymphoid organs de- 
‘ rived from smoked-animals to participate in such a response and further to CA 
’ determine if macrophages from smoked-animals could restore immunological func- 

tion in macrophage-depleted cultures. ' ® V: ^ 

/■ (3) Secondary immune response in vivo ^ 

■ -. Animals will be injected with a primary dose of KLH in vivo . ' 

Macrophages from noriimmune animals will be exposed , to cigarette smoke and anti- . • ;?' 

gen as described above and then injected into the primed animals. The levels 
of circulating antibody will be measured one week after the animals are given - 

the secondary injection. To determine whether macrophage-associated antigen can 
prime animals for a secondary response, we will inject macrophages incubated 
with antigen either with or without treatment by cigarette smoke and then chal¬ 
lenge with free KLH. Serum will again be collected and assayed for antibody 
levels. 
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previous discussed (ie AMG and APCS) along 
use system we can obtain cell populations 


mouse system we can obtain cell populations In 
'pure" state to study individual cell functions. In these studies 
we will determine the effect of cigarette smoke on mitogenic responses.’ ‘^Proto- 
5 ^ >, . to ^hose described in section 3a will be employed. The nude mouse 

:~#$P**** wiil^ also enable us to test our hypothesis that T-independent antigens 
< &xe also macrophage-independent. The reasoning goes as follows: if we find, 
^at the tofcro phag e t£s the^prime target of the immunosuppressive effect of 
%0&iC / • Cigarette smoke and if our hypothesis is correct, there should be no immuno- 1 

‘^./-suppression observed in animals exposed to smoke and injected with a T-indepen- 


dent antigen. If an immunosupprejssive effect is associated with the B cell, 
^ then cigarette smoke should suppress the response. By using combinations of 



/: - - immaturity in the newborn of the species is not due to the lack of antibody-syn- 

£ thesizing cells but may primarily be due to the lack of antigen recognition or . r 

w —antigen processing cells in the form of competent macrophages. The studies 
proposed in this section will be concerned with the effects of cigarette smoke 

it mice 



fre. 


exposed to cigarette smoke 

: •/according' to various protocols as described in section 3-a above. Similar 
. . / groups of pregnant mice.will be subjected to the stress effects of the smoking C 

V i 1^®3chine in the;absence of cigarettes; In our basic design, pregnant mice will 
exposed to smoke for one, two or three weeks of the gestation period. /J^The 
- : ! j - time of smoke initiation will be varied,* _i£, the first week, the last week, 

// the-middle* period etc;* Litters will be assessed for immunological function at m 

various times after birth; during early stages up to adult life. Litters will /vjfllf 
j./. A... /‘also be assessed for birth weight, litter size, and presence of deformed or 
/ '. defective animals. In another series of experiments litters will be divided ' / 

half, one half^.will receive further exposure to cigarette smoke while the 
. others will remain untreated. Comparisons will be made with litters from sham- 

smoked animals. IrT~©rder to determine if there are any pronounced physiological 
differences due to increased numbers of pregnancies, we will! keep records of the 
number of times each female is mated and compare similar parameters of immuno¬ 
logical function in succeeding litters from the same mother. 

(2) Effect of cigarette smoke on mice of different age s 
. Animals will be exposed to cigarette smoke at regular inter¬ 
vals starting immediately after birth. Appropriate adjustments will be made *: 
for dose of cigarette smoke for neonatal animals. The animals will then be 
assessed for immunological function at varying time periods thereafter. 
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the ability of macrophages '*&{&$ 
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shown that peritoneal cells 

were capable of potentiating the immune response of neonatal animals to SRBC. jp 
'Vv.;Ve will design similar’experiments using macrophages from smoked-animals of 
I'^V-^Wferent;ages as a source of the potentiating cells. We will also use normal 
‘ V-. 1*: : -1 macrophages in smoked animals to determine if they can restore immune function. 'Jp 

smoke on immune func- 
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used in the above ex- 
! 3periments will be performed to assess the presence of intercurrent infectious 
processes especially mycoplasma’"pneumonia (85). The lungs will be removed from ^irTgjfe- 
' animals involved in the various smoke exposure protocols and will be fixed' by [*“**'■■ ■ 
perfusion with 10% buffered formalin solution by pressure fixation (86-87). ^ 

The fixed lungs will be cut sagitally so that airways can be located. Sections 




’will be taken from the entire right and left lungs of each animal. These 
i':? sections will be evaluated for the overall pulmonary architecture with special 
^•emphasis on small airway changes. The bronchi will be examined for changes 
in mucus glands, mucosa, and all areas will be examined for inflammatory cell 
.'numbers, distribution and pigmentation using H and E, PAS, alcian blue and 
trichrome stains (50,88-91). The results of the pools of controls, sham con¬ 
trols and smoked-animals will be tabulated and examined with a code which will 
not be broken until after completion of the study by one individual (M.R.). 
w : ft The data will be borrelated’ with"the degree 'and duration of smoke exposure and 
• ! the status of 









the immune response (50) . ’*f- .' Vr ’v ' ; • 
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^Collaboration 

r ;^As indicated above, at collaborative effort has been established ' 
with Dr. M. Robinowitz. This will aid us in evaluating our data in view of 
1 vV' ;' potentia 1 ' intercurrent infection'Of ouf experimental animals"’Dr i Robinowitz* 
•Y’YY.has begun some preliminary work on lungs from our animals. He has found that 
; from 5-10% of the animals in each of the groups (smoked, sham-smoked and bench 



C 


controls) had pneumonia. Identification of these animals had removed them 
from our protocols. —In addition, he has found, in only one case, the presence 
of what appeared to be a squamous cell carcinoma of the lung. At this point, 
the significance of^this finding remains unclear. Certainly, Dr. Robinowitz* 
input will be an addition to this project in terms of identifying infection 
and may provide further insight into pathological changes in experimental 
animals. 1 wv ;- " ‘ ' —* ; ■ ' ' ‘ " "" * ‘ ‘ 

Another area of collaboration that is anticipated is with 
Dr. P. Hamosh and his group. There are obvious areas in both of our proto¬ 
cols where there is common interest. Both of us are proposing studies of .the 
effect of cigarette smoke on maturational aspects. Certainly there will be 
an opportunity for the sharing of common materials to be used in .our immuno¬ 
logical and their biochemical and physiological studies. Such overlaps should 
generate a forum for exchange of scientific thinking 
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7 . ; - :: iS.V-'.well Appreciated that the normal functions of the .^;; 

immune system protect the individual from constant challenge by foreign 
-; ; ^materials. -;.A breakdown of immune function, whether under natural circum- '.,;p.^J ls| 
•instances (immunological deficiency disease and aging) or induced (treatment 
f;.^.^th'immunosuppressive agents) or due to environmental exposure (cigarette ikSga a 

S A^&nntflV rori^fl^o «-i»A -V« mA'A.AA.AAn-tAmA ~~ ~-J M &UWt&SiM 


'potentially essential link in the chain of events leading 
/Cvi .. .-."to the initiation of both the humoral and cellular immune response is the y^y^^SSmS 
.interaction of .antigen with macrophages. It is suggested that this interaction 
-^results in the processing of antigen thus rendering it immunogenic. Treatment 
raacrophages with various agents known to interfere with their phagocytic 
-^vJ^uncjJion^results *~Iii“a~is'uppressed immune response.' The proposed research should 
%y -V generate information which may provide insight into the possible means by ' 

■ which cigare11e smoke may affect immune function. Since alveolar macrophages 

• >r - V;i'pl a y an important role in the m ain tenance of lung stability, the proposed re-' 

- .’scarch is of direct significance to the understanding of the relationship be- 
. 'tween tobacco smoke and chronic lung disease. Further, the results of these 
' yyi : studies should provide information which is currently unavailable concerning 




.’‘search is of direct significance to the understanding of the relationship be- 
.tween tobacco smoke and chronic lung disease. Further, the results of these . 

.'studies should provide information which is currently unavailable concerning i* 

’ the effects of cigarette smoke on the maturation of the immune response. 

y:0yy -vV- : 

'" in addition, through the proposed research, we hope to -r- 
'’ elucidate the mechanism of antigen recognition. If we can determine which 
physical forms of antigen are processed by macrophages, we may acquire a ' ^^r-V. 

better understanding of why certain antigens lead to a breakdown of immune . 

^surveillance (immunological tolerance) whereas others initiate the immune re- 
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